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m^<0^^mW: (7 0) «r-^tr-7h V^;^ (1 1) 

mOD- (1 4) -si:^^$ti;6-otfFBS»2(7)n>i$^ 
9 h liflillfi^ 2 CO ^ h ^ A (13) 

1tSScOn-f-'=i- KT.'f y ^ (1 5) T*aboT. ^^<D 
* u-rz2-V7.^ (1 5) (i^trlG^ifcOD-^ (1 
4) <Dmi<0::i> ^ ^ V(Dl^<D$>:h^<Dm^<OU- (1 
4) IZJg'^^iXTV^;?, t<7), 

1tl8:(0n-T KU;^^ (Bo-Bi) TaboT. #><rm 
tu|«rfE1S$Sc<7)n-xn- K;^'f ^y ^ (15) <7)^^ufg 

^^ftfzmi^<r>m^<ou-' (14) <7)i^orK^>^$ 

tt/clo^SiR-t'2)<)<0. 

1SSS:<7)n-T'-:$''J- K (R0-R35) T^oT. # 
>^ locoBSai-^n-T'-^^ - K7&f#>5r 1 o<;Dn-T' 

=r-K^^-y^ (15) \zm^^ fif^itm-^^mM-r 
hn-r-9')-y (R0-R34) izmB^fx-f^t^ 

(zn-xn- Kx>r (1 5) "kmHRir^iyO^ 
Ig^On^A-rn- K7.Y'y^ (12) T'*)oT> 
0=7^/^7"=^- K;^-f ^y-f- (12) (ifrffi«t5:^='^^ 

(13) co»2c7)3>:$^^ hCDrtc0^^?gcOl®>^O3^ 
A (13) tc*£^$n;^c«?7iLeit«T-S:*-t^4>0. 
^'^miSaiSon^i.f'n- KX>f (12) (C^^ 
^tLTmiS«S5:o=?^i.T'n- k;x.^ -y^ (12) <7)# 
^t:$S^$ti;l:t?ISS5:(7)11/rcorr^ A (13) OpgOT 
Kl^>;^nfclo^^^Ri-^miScOn^i.T KVX^ 

(Ao-Ai) . ^LTlS^03^i.T'-^5^U- K (C 
0 - Cs 9 ) T-*>oT> #^1 ocor^l^-t^^^^T-*- 
^ V- K;6^mi£::i^^T'^- K;^-f ^y-^ (12) (D^^ 

<r> 1 o \z^% $ ttf&14^t:fi-^3&^Bail-t 3 ^ A X - 

-K (C0--C59) Utt*&§:h./wt §Hn^AT-*=7- 

k;j^'<7^ (12) ^^iR1-^^>o. 

^^H-r ^ ^ ^ ^# Sfc t f 'S>l&*^ilov K V ^ X i5 J: 

( 1 0 ) . 

frl£^« (10) ±UiEE^:IX:6^omScO|§*^fi (7 
0) ^r-^tf -7 h M 7. (11) T-ab^T. *^Of&7lc^ 

g (70) \tm\(r)uy 9 ^ hioi:l/^2 0n>^ ^ b 

^*L. mmi(ozi>9i^ hitmmi (14) <7)^i 

O n > ^ h IZ® ^ $ ttd^oMlfi* 2 CO 3 > ^ h 
51^3^^ (13) <0^2cOn>^^^ Klffi®;$nTv>^ 

frlfi^« (10) ±UKg$n/::«^On~x::r- K:^ 



(2) 1 0-6 3 2 2 7 

2 

>f y^ (1 5) -CaboT. #>^r<^n-T'3- K:^>f 

(15) (i^lfi»l<0 3>:$'^ hom^on- (14) 
<7)[*l<7)S>-5>|*^<Ol®^<on- (14) ti^^^n/cmSite 
it^^S:*-r^icO. 

^is«« (1 0) ±ti«^^n3»^o#>^mfEmscon- 

T-'3-K7^>fy^ (15) (D^^izm^^rtrmm^ 

con-xiJ- KX^ ^y^ (15) <0^^ lifg^^ ti/ctfT 
iai&OlB>5rC0n- (14) C0I*|<7>7 Kl^X^t»-;t 1 o?: 
«JR-f;5>y::*!>O«S<0n-TKU'7.i^ (BO-Bl) . 
70 mf£^«_ttzm^^tt;^c«SScOo-T'-^ (Ro 
-R35) -C*oT. #^ 1 oopSi-;i)n-T'-:$^ U 
-K (R6-R35) (iflJffin-T'n- K;^rf y-^ (1 
5) <D^^ lo(Cjg>g^$it?Stt<t«-f-7&^Kia-r^n-T' 
-^V-K (R0--R35) (C^t^&^tL/ct ^i:^-f' 
^- K;^/f y^ (15) SrilU^i-^fcO. 
mt^&WL (10) ±mBS$tt/i«S:<7)3^AT'=F- K 
::^^'y^ (12) T-*)oT. #>^rOa'7 At^h- KX^ 
-y ^ (12) (iflirfe^ 2(D:j>9^ V <^mtzmWi:<0 n ^ 
A (13) <0\H<0$>^WL<r>®^<Dzi^^ (13) tcfg-g- 

(10) ±tcm«^tt:^-o^^tirfS«Sfccon^ 
AT-'^T-KX^y^ (12) H$£^$ttfriS«»<0 3^ 
K;^^ yf- (12) o^^^'tcfg'g'^tL^tmieSS: 
(7)ffl>J?<0rF^A (13) OrtOT KW:^?n/^lo«r« 
H^-t^^'j^^^OlSSfccon^ZsT KVT.^ (A0--A1) . 

^Lxm^&^±^zm.^^fifzm^<r>z!^i.r-9') - 

K (Co-Css) T'^oT. lo(0P^3^^-r;^n^ 
Ar'-^J^V-K (C0-C59) lifllrlE^'^AT'n- K 
;^^y^ (1 2) lotclS^^nffili^ffc^i-f-^^^Ba 
JO iSi-;^::?^ A-r-:^ V- K (Co-CsQ) (lft$&^tt 
§n-^/.'r=i- K;^^ v-^ (12) ^rSiRi"^*) 

1SISO§&*^S (70) ^#tr"7 b ^ X ( 1 1 ) >a 
tti->5>ai5&-e*oT. #^cO%*^g (7 0) (i^ico 
Z2>^^ Yi^Xlfm2<D::i>9^ Vi^^L. m^^KO 
40 3>^^ bJiltl&on- (14) corJV:?'^;^ h(i 

«^$^fL:ef>otfrlS^2corr >i?'^ b(j:^i5:(On^A (1 
3) (0%2(0:nv 9 {7 Y{zmWL^flX^^^^><r)-. 
ISifccon-f'n- KX-< y-f- (15) Srffift-r^SF&T- 
ab.o-C> ^^^con-T'n- Kx^f -y^tiRo -RnOU 

- Kortco 1 ^{zm^'^fixmrntm^-hmttRo --R 

n O ^; - Kco 1 o t- ttfc i: i m^^^ ^fifzu- 
y^zi-VTs^y^ (1 5) «rf S«ifcO n - -r 
3-KX>f'y^ (15) <0^>^li$ 'bi:^ 1 con > ^ 
hco}*iOii^^5^ < t 4 0(0n- (14) ii^^-^nri^ 
50 Z(r>m^Ti\to X.^±b^£^*.<^m^xhhi,(r). 
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3 

'J^^^j:< ti>Bo , *Bo. Bi ±5J:r>**Bi On-T K 

B 0 (iffiWfi-^-eab *9 . :/}-'OBi ^Xl/^Bi it^nm 
■tT-*>*5#>i?mrf£^S5c^n-T-:j- KX>f (15) 

(15) (7)#^i;^^$^;'cttrE4ooi@>^on- (i 

^tfccon^^-r^J- KX>r (12) ^^tt-r'5>^Fg 
T**-pT. g-a^Orr^-^r'ri- K:^^ (12) O 
# >^ (ilJffi C 0 - C m <7> U - K O [*I (0 1 o $ tt?S 
14ft«Wfl5fieC 0 - Cm <7) U - KO 1 oti1it*&$ tL/c 

^ §mria*S'&^n7^^='^^T'^~ ^^-^ (12) ^ 

S*^t. frie«m^='7^T'n- K;?.>f -7^(12)0 

(13) tc^'^^ttTi5«9. CO^^mliHfn J: 

^l'-i<i:tAo, *Ao, Ai, *Aicr)n^A7K^ 
:^^Srafti-^SPart?*>or. Ao Ao (i^BW 

{t^-e*) *9 A 1 i5 J: t/* A 1 (i^g«jf -^T^* ^) . ^ 
>^rfrlfi1*S<7)=i^-^T'n- KX^ ( 1 2) U 
^^StLTtirfB1t8Sc<^:='^^T'3- KX^ (12) 
<0#>5rU*g^$tt/::fltrSfi4OC0n^A (13) <7)|*iOT 
Kl/X^^tiT'cl ;2> ^>0. ^LTRo-RnO 

ij~ KOrtcoloiBiC/Bo , *Bo, Biio<tO'"*B 

OV- KcO lojo J:^/Ao , *Ao, Ai,*AiO=i 

\^)^7s (11) 0#^0|§7t^a (7 0) ^TKVX 

[0 0 0 U 

^ i6 Off M ^ IEt!;^« t ^ M -r ^ o 
ifz\t^1t:^W (LED) rv-Ytir^t^ 

[0 0 0 3] 

[fi6*<7)iStTl b U ^ X T K U V > ^•fe*Siil$#T6^tC 

>^^WX (LCD) i3 J: J/S#i5cai^fi (FE 

D) RS^gSOJ:'9'ta>«rO?i^5^0R5^^aS:SIJ«lt-^ 



(3) # ^¥ 1 0-6 3 2 2 7 

[0 0 0 4] ni^(Dmmmx.fz^^^xzrv\ii^ir^L 

ED-7 b U h'y ^ r-t^fzisf>(D®mi±. 

ibtlpS^^fL^i) ^)(0-Cii^V^7!)^^R OM, PROM, EF 
ROM, EEPROM, RAM, coffee ^trTtTt&T A 

[0 0 0 5] ^;^-v1fffiti^«SW(CT'"-^Atlt::J:o 

TLED Vy ^ ^m¥&P^'^')^tmm^M'^'^t^r K 

K^>f /<llJ:oT 1 Stz lfr^ft:7&-'LED*^^fiUtt 

UioV^T7^-t;^$^n7^^o^'7'f-IlK 

m^i^rmtzu-<D^mmi:mmzyy^'rir:ho mm 

(I, zyy Y \yiy^y.9i3^^u y {;^'h-h^^)\^:^i)^^m'^fi 
hfzxf::t\z^L^^u-(Dr-^ ^m>kM^ L t ^> ^ o 

Sf L < M4R$ tL/:: n - cr>li#;^im - K-^ ^ /n'U J: o Tf^ 

[0 0 0 6] ig^O^n-^gltfLL (e n e r g i z 
e) :^-o-r-:5'S:jg^O*3^Atite^|-t^^w*:>U2oco 
^•S;6^^ab^c lo<7)^ftiiT'::?'-i5'^^^tfflL> -1ii^<n 

flBi-^t> #n-ifjti3^^l±1@>5?t::7 Kl^:^$tL 
.^bo T Y\^7sim^m.^fzib\z^iL^^tg:m^it^^^^\z 
J: < Sjg? tL-Cis y) i)^^z:LX*it^mt^fz^U^\^^^ 

40 [0 0 0 7] «rSSv -7 b v;^ ^ tiv > g ^ ;^ft^^fi 
v>T n io J: ^ tittl-;^, ^ > >^'z. 7 ^ -fc ;^ 

-etiTif^ff L v^D - V - >^ > X SrHife-r -5) ^c*!>tr ^ n -y ^ 

[0 0 0 8] tfz. LED-7 b 
•fh^TT-mm.. tfziti7y-ti-^Ztib^X^^Ztiy 
50 />:(i^'7T'J:v^;^^tb^ ^li^ti:^4-t 



5 

/ ^ n - A >f 7. ^ - ^i' ^rfiEflB-f ^ SS^^fi L r 

:$:fei/c(iJgfe (b asic colors) (*^^ 

-f- V ;^ X 7&^'£^ST-*> ^ o 
[0 0 0 9] — S3:tw, Mfe<7) (non — CO 1 or) © 

(Mi5j:c/a) ci^v^Tii. ^mm^t^- 

u 1 1 o n) (6) i3<ttr^^tC:^7 (full o 

f f) (^) (r>mx-hhmM<^y^^ {vv^T.^- 

:h n ^ K ^ ^ /^BKii^^^UiSffi-C*? 0 tJ^^o, >fPlW <7) 
T-^Y"?^^^ (l&^^gO^n-U^^L 1<B) 7&^^tt 

^ o 

loo 10] S^tjd, 7;l^*'7-S^^*l-i5V>-C(±, 
-?-<??#^«7)-feOiiHSritfig;i-'5./>:i6tC (— JlxtClJSUl 

[0 0 11] 

tcJt L r lift iDfltl 7 ^ «r 1 1- * o c: o« 
10 0 1 2] #|Bc0^7fcS?^* ^-»±®^5:«x/c^^^ 



(4) !if S¥ 1 0-6 3 2 2 7 

6 

i--i>#S:oii^oy'w«:>^ t-'- ^ ?r * >; rt'^ji'o * 'J 

[0 0 13] #^ loS;tl4-eHm±<0|&*^S5r'&tf 
Ii^<7) 2 '^xT U'f f fz\t-^ b 'J i> :^ =£r1£ffl-r 

v»c.tt:-i?*o 

[0 0 14iee^>T, J: »)|l5^5r*»oJ: l)il.-:&v^-r--;5' 

[0 0 15] 3|>:%?g<;)Beij(±, t'vJ'-'Wt'-^' K^-l'/N' 
[0 0 1 6] *f&l?<^)flfcOifi5(i. i.^'ptiK,^^-9Y 

[0 0 1 7] *«l^o$'b(-'ii&cog 6^)14. 

H ^ ^ o 

[0 0 18] :$:^?gco$»btim^Ogfi^|ii. LED<7>^/ 
[0 0 1 9] :$:^?go$(bUfifecOg6<j(i. J: ^)flS:«feT- 
[0 0 2 0] :^^m<n^h\z\^(r>mm. ^; 

[0 0 2.1] *:ffe?^O$<5(:'ffe<0gef)(4. LED-7h'; 
[0 0 2 2] 

[ISa*»*-r-5>7^wi6<0?^S] fS*i;Mi.lf. 

«i--i);t*i>x m®:<o^T^/c^-o|gl<03>^'^' hiJi 

50 U^\\t.tz\t^'7 ^<r>t^2ff):2>tr Y\ZiR^^ixtzWk 
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7 

S*^t. i)^^m^<OU-/uy^'r-9']-Y{Z'^'^^ 

[0 0 2 31 ^t\^^^^nmfmx{t. m^-^v')^^^ 

:;J*0 7'n AoTtb'iBiSEv >' ^ (current, s 
i nk) ;6^'n-x-^ - KUJi^TBirien-T-'r?- K 

10 0 2 4] 

[0 0 2 5] ^^umiSC^^i:. rai:#?e^^{iv^<o 

#HB-r^ %*^fi (light emitting 
devicelLED) TU^O^aHlKl 0 7&^^^ 
:Jxrv^^o ^Wmfi&l 0(i2 4 ox 1 4 4 0iiiSi:#$ 

O n -7 A io J: t/n - i3 j: t// i T^c ii^ -i) ?&^<7)^fi 

[0 0 2 61 :*:*?go^C)^Mf^I?J^^$^^'5> <t ^ tr. 
^iScOn^A-rn-^^X-r y ^ 1 2(i6 OOn^A^f 
-i-. Co - Cs 9 . ?:«^LTv^;^o A^^J^-^Co - C 
5 9 (±T-*-^«^i: LT^$tiTi5t). ;6*o2*4-Offiffi 
AtlM-^-Ao, *Ao, Ai :fe<t^/* Ai (ir.Kl/>^€ 
LT^^ttTv^^o ^ry^Ar-'H-^;?;^ y ^ 1 2 
iiA*fi-f-Ao, *Ao, Ai i3 Ai ^*L. 

^;6^'tf 'b:lx^o 4o<7)>(i>^(7) (-r^;b't>, :g-^L/s:*^o 
giJIiO) TV^llOn-yAl St&^^^^Oh-^ Ar-'ri- 
T-'n- K;;^^ y^l 2;&^^t1-2 4 0lB<7)TV-r 1 1 On 
^Al 3t;i4-L6 0X44:TKl/;^T^i'i>::^tZ'Sr^o 
n^Axr? - K^^-f 7-^- 1 2liT-*=?- K;^'f y^ii^y 

tLRB^tz^ 7 -/O I /O 't? > b S:€rfiiS-r^o 



(5) ^mW- 1 0-6 3 2 2 7 

5 

*Ao, Ai i3J:Uf*Ai t^1-;2>p ^^i^^. tl^$ 
n/::^^ Ar'n - K7.>f 7^ 1 2 lt:n y u^zf^^-f h I 

rv^(r)m,tim^(o\^mi^tso 'tis. c^r-IB-^*(i 
- 1 fz {t X - ^ ^: t^o^^asmic i (ifiM^t,^. ^ ^i" 

70 [00271 TV>fl 103vA13«:T Kl-;^i-^^ 

<rj V A^^>Co = 1 {Zi)^^C 1 - C 5 9 ^r-fc'nu-t 
7 h -etLtlio-Cn^AO, 2, 4ifcii6*««? 
L. -?-LTAo, *Ao, Ai Ai<7)R5:^*t 

^I^^L^^'<M-^^:^«-r^^^^IJ: J) Ao, 

Ai ;ao,*ai ;*ao, Ai : i fzit^ Ao , * 

Ai ) i|f5e<^)3^A 0. 2, 4 ifc{i6 5rJl#^o Co = 

0, Ci = 1 (c*^oC2 -Cs 9 «:'b*nu-t7 h L. -5* 
ttll<J:oTn^ A 1 , 3, Stfzitl ^m^\^. 

20 ^M-^^Ao, ♦Ao, Ai i Ai O^^^^tU 

mft-r^C: ttcj: i9i|#^OnTA 1 , 3, 5ifj(i7^ 
«*?o Co i3 J:ifC 1 ?:-t'nu. C 2 = WZi)^^ C z - 
Cs 9 ^-^01^-1:7 h L. -!-ixtc<i:oTn^ A 8, 1 

1, \ 2tfz{tl AimiR't^tiitXhho 

[0 0 2 8] ^-^^ ::ov->^>xt±T'-^A:^js Co 

-C59. <r>^mtifz\tT^T-^^^'yByii^Xf. 
TKVX^.Ao, *Ao, Ai i5 Ai OSttfbl- 

J: 4o<;oiigiJco:J^ A 1 3 coM«^<0/::i6tc^it1-^ C 
i:;&^-e^;5>C i:^^8>9'b:6--C*;!>9o n ^ A t'zi - K^^ 
5(9 7^12 (ilil^^M^^S¥Sr*ttt1">5>#tt=&^LB!rl£ 

[0 0 2 9] 01 Uii* /j«|Sccon-T'n-^x>f 7^ 

1 bi)^m^fixi^y)^ ^^^fih\z'^^^fifzim.<^x 
tir-^m.Ro - R3 5 oii>^<7)T-'-^^^«x.rv^^ 

{^(Dm^mf^mxit^ns 6con-'rr7-^;:^>f 7^1 
5 7&^^$nTV^;S)) o T V-f 1 1<7)4 00<@>^<7> (-t^ 
:b-t>, :9^S| L/::/^f^oSiJ>|io) n-i 4 ^^J^^^^on-r-'n 
7-^1 5 llfg^^tLTv^^o ^-^Oo-T-'n- 

40 ^;^-f 7^1 5it^zi^z^^^^tvfzm>^<D'r-'$^m'^'R 

0 -Rs 5 tlioT^^on-T KW>^7-f >Bo , *B 
0. Bii^J^V^BiliZX^Ximtfzitm^it^fi 

[0030] TV-fllOn-l4Sr7 KWXi-^^g 

<n-^#5>Ro = 1 lzi)^^Ri - Rs 5 ^-t'ntc^r 7 
h L. ^ttilJiorn-O, 2, 4ttzit6t^m^^ 
iv. ^'^Bo, *Bo, Bi i /;:(i*Bi O^'i^^t 
(0Ox.(f . Bo, Bi ;Bo, *Bi ;*Bo, Bi ; 
50 ifzit^Bo. *Bi) {Z/^^m-^-irmm-thZtlZX 
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*)4f5EOu-0, 2, 4, tfzii6i:M^i'^o Ro = 

L. ^tilcJ:oT. 1 , 3, 5 i 7 
ix. z^^oBo, *Bo, Bi tfzit^B I 
>'^^{i#^^S«1-^- <i:t^<t t)#^con- 1 , 3, 5, 
i;tii7*SjR*t^p Ro i3i?/R 1 = 0 tc. R2 = l 
(I. -^-LTRa - R3 5 ^Hfnli-t h L. ^iXizX^ 
Tn-8, 10, 1 2 t /ca 1 4;6^SiR^:iX-5>^t*-r^* 

10 0 3 11 rn>5^*^Z.aIffi^m?li (Iil5=S:#DB) (iv 

AT-'=r- KSKl 2 tiggE^ix^p itz^ T'n^^'^ApT 
lig^^mirL>'>i^ (I1I6*#HB) i^frlBv'J > K^'f/^' 
i^^tg^mitv^^^Ui: -r^- KX-^ ^y-f-l 2ii5j: 

IS) J: < ^v^a^Ar'n-^l 2 tci:oT. 

'7)\^%M. 'y>^-h-h <DXt)mt] i^i^^ L T 1 jS U m/ 4 

S FETOU -'Sr- vl;5?ilO>ft *9 V V ^> K^-l'/^^^ 

DTl^^fl l;6-^bt#f?tu^tOJ:J9 <>-f o hf&v^o 
e^liC^tliio'CTl/^ 1 1 co^iB^OL ED^T Kl^ 
>^ i- ^ <7) ;^ I / O ^^-O iS: f&M L L E D * 
mmKl Oom:^?i«S::^>iSt-fi:Mi-^o 

[0 0 3 2] rai:*«±t^L EDr l/^ 1 1 i:*Ufg:m 
:^rj^AT'n- KT.^ 7^ 1 2i3^U^^n-'r::i- K^^ 
7^1 5^^y V vy^^«"t^-tUJ:*). 

itC^E-^T's: 240X144OLEDrv^l lU 
^4-i-'i>m:^lM«(i. 2f:^?gcOLED^«@^l 0 <0 3 6 
^ 'J 7 7 ftCJtSctr. 1177hT-*>^o I/OS^ 
C0> 3 8 4;&^'b 1.0 4^C0 (C:(7)#^<:O0lJlCi5V^r) . 
WJ^Dfitl^fiiSJix::?- KX^ 7 ^O^^O^tv^L E DT 

[0 0 3 3] ^Xi^m2i,Z^^t. *-On^AT-rr-^ 
X^7f-1 2n7&-''rn7^IiIff^^r-^$tLrv^^o r'n 
-yys^ 7^ 1 2 n (iStjI^T VU^m-^l^BZXLE 

as ti-r J: ^ «^ s tLfcmsco n ^ a t-'h - i 

6, 17, 1 8i3<l:tn 9 ?:'g•^T-v^^o ^OStzP^aa 



(6) S¥ 1 0-6 3 2 2 7 

JO 

3 0(ill2O|!iW<?)^U#HB-t>5,o ^SlftSS 0(i#T 
h^U^UAo, *Ao, Ai, *Ai 

tii>^^^ (Dr'-^m^Cn iZX'oXm^^ixfz:=^y ^"r 
3-^$^;^^ 7^1 2n fc^il "1" "0" tLT 

[0 0 3 4] *SttS3 0 ^#HB-t-i,i:, Aoi^XZf^ 
A 0 i±*S««-tT-* «9 tJ^o A 1 i3 XX/^ A i (iffiM^l^ 

T*«)*9. 'i^^xmn(oi^(r>-':fj^^m^^^x^hm^ii 

♦ ^'ffiffltrv^^o mi<7)n-3 1 =r ^ AUK 1 6 

mn<ofzi(>{z£^w^j:mmm'^i:mLxioy) . t-^^c 

-C0l-^;^;6*o* Ao i3ctU^> Ai (l^S^^'f <7) 
(c^>-2>C^lcaS:^M-r-i>o ^i;UK3g<lS3 0C0»2<7) 
n-3 2 *#HB-t;5,i:, AHKl 7coSiRcOfci6U 

g/N-rou^;i-H*>*) ^ Ao Ai (i^3ln-(7) 

T'*;S>o Kaffirs 0O^3On-3 3-C(i. n-^AH 
F&l 8 0^^0 7t:^(z£^^^^S«^:6^'^^tirib^t) . 

AtjCn (i^^^ Lri&a^^^co^^;^lI^)l9^ Ao^ 
X.Xf^Ai (iSra>'^ ^ O u--<;^T*ab *) * A o i5 i 
Ai iif&3an-ov^;v-C*)^o Kaii«3 0 

0^4 on- 3 4 Hi3V^T(i. ^ A[|]K 1 9 O^iRU 

'SL^^ti:m^m^i)m^ixx^y). is^t^Cuit^^.t^x 

V^;ut:** »9;&^o* Ao i5<l:t>** A 1 (i^^an-ov^ 
Ao, * Ao, Ai j3<tt» Ai 

ffiffli-^-^UJ: J9^^R^tl/j'r-n-^';:^>f 7^1 2n 
^Z^^^flfzHltO n y A;i>-^i§^T- # ;S>o 
[0 0 3 5] 114 (i. m^Mmm^S 0<7)=2 7Aa^i: 
n-T'n-i$^;;^-f 7-^1 5n tr*t-r^S«^i&S 

<nMmm^4 0 ^^i-o ^^On-f-'n-^'Tv-f 7-^1 

-^;:^>f 7^1 5nI*lT% 4oOn-<7)rt<7) 1 o<7)S«? 
(iTKVX^Bo, *Bo, Bi i5i:tf*Bi t:i:oT 
^i=it>fLZ>o ^tiRo{t'fuify'^'f)VMM.i^>^{zxy) 

[HKi&at^i^V/^T "1" T-^$tL^o *31>(ig4 0U:fe 
v^T "1" (IJ: tL;z>, /N-f l/^;Kl^)'i)T 

7^1 5 n US^$n7tn-ortcot'tL:)&5fSi14 
it'^ft:^i)^'^ik^'f^o II13<7>X31ffi«3 OUMLTSi 
50 H^L;t:<J:^H. K31>(tg4 0O4oon-4 1 - 4 4 (i 
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11 

mZ^^<07'^-^:^'( -y-f- 1 5 n UMig-r^T^'f 1 

10 0 3 6] '^k\zm 5 ^ . -rn - ^'X ^ 7 ^ 1 2 

<Dlo<75n'7^Iil8&5 0:6^'«5EB&6lJtC7j^^ttTv^^o C 

•y^l 2(i4O(035A[ilK5 0^r'^^T-v^^o ^'^A 
Hug s Oii'7'n^*^'^7*;i-S?ig5 4 tT V-Y l l <7)#^ 

>i/7s9 (FET) 52 i3i:?/5 3^#trc -O^f^O 

U-X^lAotiFETS 2<7)y-hUmM$tLTV^;2>o F 
ET5 2ii. ■/n^*'7vr;i-Si[S5 4 tc<tor}Stt^fL 
J^. 5 '-^'il^ homfi^. l/^;t':6^^T Kl^X^A 

0 ^2 <7)FET 5 3 U$g^1-'2>o. F 

ET 5 2liT KWX>E-i-Ao:ei^n-o^31V^;U-e*^ 
F E T 5 3 5 h coSffi L ^ 

10 0 3 7] r Kv;^^Ai (i. Mr kvx^.ai tm. 

f\]{zm^^f^f^. 2^(D\^^)Viyy Y^-i^-VS 5^ 
J:t>*5 6 «r^LTFET 5 3<7)y- MlSSc^ttTV^ 
V^;Vv'7 h ^M^- K5 5i5i:U^^5 6i±FET 5 

(D^^^-rhfz^FET 5 3<7)<>-'- hUEEvV h 
X^o MESFETiJ8&^*lC. U^)l^'yyhV^:t- 
K5 5i3J:t/5 6 ^ ti^TM E S FET^t:)^- h 

ri:<. h ^> v;^^ 5 3 fir KVy^^A 1 

/N>f l/^;U'U*^Jt^(C*iiL*^oFET 5 2 :*-ib<:0 5 
bcome^^ S?*5 7 i: LT^^:^;^^. rv^ 11 

cO^Sl^^^l-iiFET 2 8;6^*«i-^OS:*S{f^o 
[0 0 3 8] 0 6 t^Sg-t^ t> n-Hl^e O^^WB&fi^j 

>f ^>'^^«^-r'i>o n-niKe oar v>f 1 1 ogi5s-r 

^> SgfLv>^ 6 4 toraictt?iJtl«S$nfc2o<7>F 

ET6 2i55j:t/6 3 t^tJ'o C O#^c0^i&?F^,^.r-(±. 
yn^*^-7'7';^m?S>'>i> 6 4 (ir-^M-^Rn t LT 

TV^l,o FET6 2(iT.Kl-X«aBo:6^S>^W l^^>'^ 

-=SrFET 6 3 tC*S^1-^o 7 K l-X^.B i v > 

6 4-^C0lE^[5Ig&?:^jS;g-li:^fc*!)CFET6 3 SrfP 

fi^t tTFET6 3u««wtia^^n;S)o «irLV> 
^64 (in-m^e 0 ?riioTmSiL:e>^ittL^C t7!>^T§ 
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12 

1 oraa-f^ n-^-t>msfL V > 6 4 --o^mfiJis^ 

M^i^fSL^-^ (^^^ < t ^> 1 0(7)n^ AIII8&5 O^^^'fg 

[0 0 3 91 ^kizmHr^^-r^t. LED7>>f«» 

*S0K1 OliLED-^hU^XTl^^ 1 1 
(DLED^^tXo —mt LT. #^<OLED 7 0(7)-:^ 

<om=i^^K mm<r>^^±mWiizmttitz. mi<ozi^j. 

10 -TZi - V:^^ y^l 2<D (m5{zm^^\izmm^irfz) m 
1 C03^A[18&5 0 ^Im^61JUK^^^^Tv^^o LED 
7 0<7)^2O^^-<i. mm(r>^^^±^^.'Vmtixfz. n 
-T-'n-iTx-f yf- 1 5tc:fett^ (He tClSSUtcIl^^ 
fifz) ^ 1 On-[ll^6 0 dS^^^ti. ^:I^^±LEDT 

ffiffl ^ n^lS^co n ^ T-'n - ^ y ^ib^ <t U^^m^^ 

;i)o COgI(i[a2<0 4o<7)LEDO|16&«^^^LTib^ 
19. lo<7)n-^/.xn--^x-f y^;6^7'ni5^*^-77*;l'® 

'7^1 5;</-^b«ffLV>^ 6 2-^tm^fi5tiSMi-'i>-i: 

izx^m^i^fS.^'^^o n-7i.iaK5 0(i (rn-7i5^ 

7 2 ^ LT^^tt/::) •7'nir^-T'r;^i;fS5 4|^OIll& 
•7';l^SM5 4^(Dm^^^m^'t^Zti^zJ: y) -r-^^. 
ti. n-HKeot^ {:rnv^ 7 4 t L■r^;^:}^fc) 

s>^vMiiifeo:&ffi-cm3rLV>^ 6 4->^(7)iiK^^ 
[0 0 4 0] ^^.<Dm^(7)ms{zm^^fi:hmiJtt l 

i3i:U^*7'n^^'7'r;uSSE'>:^^ 6 4 (it Ttiiir'- ^J'M 
. Co-Cs s ±(DKtim-^<7)m^oy''t2 i^iMLX 
^^-or-*- 9iff.Ro - Rs 5 ±OA:^JM-i-O^S<7)-7'^^• 
^/^=^i^ LTg»fi^llJllll*#tt^ (sequence) 
40 X^'fx:i^'y^'thZti>T^^o 

[0 0 4 1 ] [18ic(i:. IW|C^fe±-^co#:mtlxn- K 
X^y-^8 2 {#^C0F ET h LT^^^lxTV^^) ib^ J: 
LrLEDTl--r83 COLED t LT^^tVTv^ 

JitT^Bit (epi-structure) 8 0i)^7f.^fl 
TV^^o LEDTU-^ 8 3 { s e m i - i n s 

ulated) if^) ^ (gallium a r s 

en i de) I6« 8 4 ±trj(l>>cffj^$ tt/cltScO K- ^ 
> $ iX7t:i5 J: 0^' > :jiT v^^t v^jh t: ^ ^ v ^ 
50 ^r-^^tf o HIS^O r t < . mtZ^ \z9^'y^ )\^m it n 
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+-GaAsg85. n-InGaPS86. n-Al 
InPJS8 7> K-e>^'$tLTV^^rV^A 1 G a I n P 

§8 8. K-t: >^*^tLTv^:&v^A I I n P§ 8 9. p 
-A 1 I nP§9 0. (51? 2 0 0^>^'7s hn-AOH 
^Op-InGaPS9K LTIJE? 5 0 0 > 
hn-/.(7)l5S^<^ K-tr>^^'$^tLTv^3iv^G a A sS 9 
2 ^^<^ttlSi-'?>:^^ ^y^8 2 h*{C*«$:lx/::L E D 
Tl->f 8 3 ^ff^^-T'i),. iTt:. lim<7)T^ Vl^-V3 > 
cOTtz^tCtStttbn^iiX ( i mp 1 a n t ) 9 4 . #lJ 
S<OT1i!l^?-^<7)S^«»^<^^^*!><^^A9 5. 70 

;So n>:$^^ h 9 7i5J:t/9 StCJioTTl-'Y 8 3 icib^ 
^ -^^8 2(i^«T>f VV-'>3 Q 0^ V-X 

^^^XKn>5^^hll2, 113, ^X,Xf\lAi 

9 9 5^9 ^ 2 6 0 ^ R CliSA 

tcliiS^^tty:: raXLEDT W.^i^it-r^:^ft (Me 20 
thod of Fabrication of Im 
planted LED A r r a y ) J tMI"^*!! 
#11^^ 5, 4 5 3, 3 ^ e^\zW.^:iti)^'C^^o t 

tz. mmmii^z-nLxit. 1996^1^ 9 buii^t? 

Vr-^a-^r^m^fcm^-itm^mm^sim (Elect 
ro — Opticlntegrated Circui 
t With Diode Decoder)] tM^f 
-?)*lMffi=^5, 4 8 3, 0 S 5-^^mm^tlfz^^6 
[0 0 4 2] ^I^iE$:^^/^^t:#^l 2 0 9 30 

tTLEDTV'^130 i:*(i^a^tL7t:T--n- K7^>f 
y-^ 1 2 2 ?r#Ar'V^^o L E DT 1^ ^ 1 3 0 (igl 8 O 
LEDTK8 3 ^Iil#<7>^cor-ab^o 7"n-K>?.>f'7 
-^12 2itmS<D7.4 2 tMM(r>i><DX-$>^i!)K 

m^tLX. ^ScoSiigOHtc. LEDT V-f 1 3 0;&\ 
ibFET 1 2 2-^. #SDfl93feJ^tf^^V'V;WSS:LED 
Tl/^ 1 3 OiZtU^^^tlZl^xm^^fl. fi^oTp 
K^/N^V h (D^i^iuWi (outdiffusion)O 

[0 0 4 31 
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B^iiL ED*^ h ^ Xizi^lt^ ^^is^ir/n-^^RO 

y ^ V ic :j 7 A is J: l/n -MiROTt^Ixo-r n - 
KX>f yf-^^Wi-^LLED^^^e^iitti-^c ■t> 
LED*^^e(i=J^^t /rlin-T-'r?- KX-r 

/ilin^A (Cti^(i<>-t>;!>/w*g5:5cm^lfe-eS)^) -r 
3- KX>f y^(7)T•t>'7''JO^tfc:^<7)^><7)«^il'tO/^- 
[0 0 4 4] rfTJ ^*y'^y*)i^MMi^^v^y'^.y7'^y^)i^ 
^^eoi5::^^^ft/M[:"el^^o me SFET(DV -"r-'J 

"T'n '7r;pmSiL V >> v/^T V 

[0 0 4 5] -r-<TC0=J^ At-'h - K;^-f y-^li^SO 

T-|iab^v^{i K^-f >'<:6-^oXtfS7Slcil;i:T 1 JSUn 
/4 h Lr^St:'i^^<7)m'g-n(i=r^AOi5:T^)^o i- 

<± -/n -7 -7 ;H|giL V > ^ tziS C T 1 S m 
/4 ^ LT^Sr^#c:o:^^miin-(;)S5:-c^>^o ME 

CMOS K^^/^*t::ES^tl. -Tn- KX-I^ -y -f-OJH^^ 

[0 0 4 61 *^?q(iLEDMSSrTi5'T-<^'f Vtfz 
itmitit'r^fzi6<D I / 0«^O®:?rffi:iSL;6^oL ED 

EDT V-f ^*t^'(g:S:bT'=7- KX-f -y^^^y V v ^y 

^mm-t^^t{zx^. mt}<o±m^j:&mm%hfi^o 

tnix-lf. f^^e??'5rT'n-i^r-(i. 240X144OLE 
D T I- W L T«S ^ tt JS, Sil Ji3f:^^ CO n - 

y^LEDT V-^tCttt" ^ 3 6 ^ V7'y b ilitRLT 
1 1 7^y hT-^;i>o I/O^^-co. 3 8 4;^f-tb 1 0 4--^ 

[0 0.4 7] um<oE^^x^mmwxmiR^nfzmmf^ 
m izn Ltt^ (omiE^ ^ vrn's. ^^t^^x^^zt 

v^it±i,zif^-<fzmtt'km^L^^i)'hm^^ij^iix 

^ t :^^X ^ i}-^m^ h i)-^'^ $ tL/ciS J: Vf/ 1 tz It 
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10 0 4 8] a.±<DlsLWmm^ZXoX<0^'^x.htiX 

•y^%*^fi (LED) TV-f Sr^i-*«*ft:L fern -y 

im2] «8ScOL EDT U'f =7^/.T-*3^ KX>f -y^Sr 

[US] l!2tl7j^^tt;z>LEDTU^ H'^AT-'n- KX 
^ 'y^Ofji60»S>(lSr^-rm^[2T-*^o 
[1214] LEDT V^n-T-'rr- K:?^^^ 'y^U**i"^K 

[US] |li2lZ-7*n-y i^ff^^T*^$tL7^e«S5:(7)3^i.T' 
^« (LED) T\y^ i7J^irmi&mx^:ho 



16 



10 



20 



[US] u^AS/ctin-xn- KX>f y^OfciiX^j:. 

[If -i-osi^gi 

1 0 ^itmm. (LED) TV>f ftSllK 

1 1 TV^ 

12 At-':3-^X^ y-f: 

1 3 n^i^i T'wtin^i^lIK 

14 n- 

1 5 U-y-'ZI-^T.^ 7^ 

16, 17, 18, 19 AT'n-^lIK 

50 n^AUlK 

5 2, 5 3 FET 

5 4 •rni>-^-7-7';i^m?S 

5 5, 5 6 v"7 h ^'-f K 

5 7^?- 

6 0 n-[5I6& 

6 2, 6 3 FET 

6 4 rn^/y v*/;w^gitv>^ 

Co, Ci, — , C5 9 n^-t^fg-f- 

Ao, *Ao, Ai, *Ai TKVX^g-^ 

Bo, *Bo, Bi, *Bi n-TKVX^ 

Ro, Ri, — , R3 5 Xti-T—^"^ 
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[07] 
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